We have performed new medium resolution spectroscopy, optical and near infrared photometry to monitor the variability of the AGB carbon star V 381 Lac. Our observations revealed rapid and deep changes in the spectrum and extreme variability in the optical and near infrared bands. Most notably we observed the change of NaI D lines from deep absorption to emission, and the progressive growing of the [N ii] doublet 6548-6584Å emission, strongly related to the simultaneous photometric fading. V381 Lac occupies regions of 2MASS and WISE colour-colour diagrams typical of stars with dust formation in the envelope. The general framework emerging from the observations of V381 Lac is that of a cool AGB carbon star undergoing episodes of high mass ejection and severe occultation of the stellar photosphere reminiscent of those characterising the RCB phenomenon.
INTRODUCTION
Among the AGB stars, a small fraction of carbon rich stars show an extreme variability reminiscent of the hotter R CrB supergiants, e.g. (Feast et al. 2003; Whitelock et al. 2006) . Erratic optical variability with large amplitude and dramatic spectral changes are the main signatures of these stars: the fast decline of several magnitudes in luminosity is interpreted as caused by enhanced mass loss events. The very extended atmospheres produce the ejection of clouds (puffs) where carbon rich dust condense in grains. The extinction events are attributed to these dust clouds in our line of sight:
Based on observations collected with the Cassini Telescope at Loiano station of the INAF−Bologna Astronomical Observatory, and with the Copernico Telescope of the INAF−Padova Astronomical Observatory either a dust cloud is passing between the photosphere and us, or a sudden very strong ejection of dust by the star itself takes place. Colour changes also occur, being the object redder when fainter. The photometric changes have spectacular spectroscopic fallout: molecular and atomic lines develop in emission during the fading to turn back in absorption when the star recovers the bright state (Whitelock et al. 2006; Clayton 1996) .
Besides the optical variations, the infrared excess is a well known characteristics of the RCB and of their cooler counterpart, the DY Per stars, showing a spectrum more similar to that of an ordinary N AGB type supergiant (see e.g. Feast et al. 1997; Clayton 1996) . The advent of several infrared satellites improved the wavelength coverage of the energy distribution and stimulated the use of mid infrared colour-colour diagrams to select new candidates, (Tisserand 2012; Tisserand et al. 2013; Miller et al. 2012; Lee 2015) . Differences and similarities have been extensively discussed and categorized although the behaviour of strongly variable AGB stars makes them difficult to be identified unless located in well monitored fields, while scattered observations can yield to misclassification of possibly interesting objects.
The case of V381 Lac (also known as FBS 2213+421) is paradigmatic. Over the years the star has been subject to periods of high luminosity and of rapid, severe obscuration episodes. Classified as a Dwarf Nova by (Dahlmark 1996) and by Hoard et al. (2002) on the basis of the photometric variability, then as an M5-M6 star by Gigoyan et al. (2006) from a low dispersion objective-prism plate of the First Byurakan Survey (Markarian et al. 1989) , it was finally recognised as a Carbon star by Gigoyan et al. (2009) . To clarify its nature we started since 2012 a photometric and spectroscopic campaign and collected the available data from literature and public catalogs. This paper is organised inthe following way: in Section 2 we describe the observational material. In Section 3 we analyse the flux variability, the spectroscopic changes and the position of V381 Lac in several infrared colour-colour plots. In Section 4 we present a possible interpretation of the Spectral Energy Distribution on the basis of our evolutionary models for dusty carbon rich stars. In Section 5 we discuss the last event of strong flux variation and draw our conclusions.
OBSERVATIONAL MATERIAL

Optical photometry and spectroscopy
Between July 2012 and September 2015 we obtained simultaneous photometric (B, V, R, i) and spectroscopic data with the 152cm and 182cm telescopes of the Bologna and Asiago Astronomical Observatories, equipped with the BFOSC and AFOSC (Bologna/Asiago Faint Object Spectrometer And Camera); spectral range is 3900-8500Å, dispersion 3.9 A/pixel and resolution of about 10Å. All the spectra were corrected for the atmospheric extinction and normalised at the same wavelength. One photometric point was also obtained with the Roma University telescope (TACOR) and one was kindly obtained for us by the ARA association with the 37 cm telescope in Frasso Sabino. The data were reduced by means of standard IRAF 1 procedures. To study the photometric history of V381 Lac we have downloaded from MAST and analysed the digitised images available from POSS I, POSS II and Quick-V surveys in the B, V, R and I bandpasses. Well sampled light curves were obtained from the NSVS-ROTSE telescope (Wozniak et al. 2004 ) and the AAVSO 2 archive. In the archives of Asiago Observatory we examined the plates of the field, obtained between 1967 and 1969; only an upper limit of B=17.7 mag could be derived. We will not mention these plates anymore. We also re-analised the objective prism spectrum visible in the plate of the Digitized First Byurakan Survey, now accessible from the italian Virtual Observatory The digitization of V381 Lac shows a strong red head and allowed to identify the deep absorption bands of the C 2 from top to bottom at 5636, 5165,4737Å, respectively . Bottom: wavelength calibrated spectrum ; the central deep depression is partly due to the lower sensitivity of the plate emulsion.
(http://ia2.oats.inaf.it/). The spectrum, showing the deep absorption bands typical of a carbon star, is presented in Figure 1 . From this spectrum we derived approximate magnitudes in the B and R filters following the same criteria of the DFBS automatic pipeline (Mickaelian et al. 2007 ). We summarize the archive and our recent optical data in Table  1 ; typical errors are ∼0.07 mag for the Loiano, Asiago and Frasso Sabino, 0.1 mag for TACOR.
Infrared Photometry
We obtained photometric observations in J, H, and K bands at the 1.1m AZT-24 telescope located at Campo Imperatore (Italy) equipped with the imager/spectrometer SWIRCAM (D'Alessio et al. 2000) , based on a 256x256 HgCdTe PICNIC array. From the archives we have also retrieved the data from 2MASS (Skrutskie et al. 2006) , IRAS, WISE (Cutri et al. 2013) , AKARI (Murakami et al. 2007 ) and converted fluxes to magnitudes according to the prescriptions of Tanabe et al. (2009) and of the IRAS Explanatory Supplement (1988) for AKARI and IRAS, respectively. Recent and archive mag- Wavelengths are in µm. C.I. = Campo Imperatore, K is in 2MASS system. Errors for July 2015 H ad K are 0.15 mag nitudes are reported in Table 2 . We do not report the very uncertain value of the WISE 4.6µ magnitude.
3 DATA ANALYSIS
Flux variations
From the photometric optical history presented in Table 1 it is clear that two deep minima occurred in 1989 and 2006. On shorter time scales, variability of ∼2 mag are shown by the ROTSE and the AAVSO optical light curve, but no periodicity can be identified (see Figure 2 ).
In the near infrared our data show large changes with respect to 2MASS, and also within one year, strongly correlated with the optical photometric and spectroscopic variations. At longer wavelengths the excursions seem to be smaller on the basis of the data presented in Table 2 , obtained at different epochs by different instruments.
Spectroscopic variations
Our new spectra of V381 Lac at different epochs are shown in Figure 3 . Overall, the spectral changes are strongly correlated with the optical flux and with the sign of its derivative. The spectra obtained during bright phases (1973 and 2012) showed strong absorption bands; in the 2012 spectrum the bands typical of a naked N type giant, belonging to the Swan system of the C2 and to the red system of CN molecule, could be easily identified. From a comparison with the spectral atlas of carbon stars by Barnbaum et al. (1996) the spectral class of the object was not earlier than N5 subtype. The Na D at 5890-96Å doublet was strong in absorption. In December 2013, during a fading phase the continuum was brighter redwards 7800Å and the veiling started to affect the strength of the photospheric absorption bands. The most interesting features of this spectrum were the Na D doublet which changed to strong emission and a faint emission at about 6582Å. In summer 2014 the star was even fainter, the emissions were stronger and the second component of the [N ii] doublet became visible at 6547Å. In June 2015 the star was in a relatively bright phase: only absorption features with sign of veiling were visible in the spectrum, while the evolution of the photometry from June to July indicated a new brightness decline.
Besides the emission of Na D and [N ii] during the fading phases, we remark the lack of hydrogen lines either in emission or absorption in all the new spectra, while in 2008 Hα was clearly present in absorption simultaneously with the Na D doublet (Gigoyan et al. 2009 ).
Infrared diagrams
We located our star in the classical colour-colour diagram J − H vs H − K to study its evolution with luminosity (e.g. Bessel & Brett 1988; Leggett et al. 2002; Cruz et al. 2003) . We show the results in Figure 4 together with those of confirmed carbon stars from FBS and other dataset (Alksnis et al. 2001; Mauron 2008; Mauron et al. 2014) . The positions of V381 Lac corresponding to the dates reported in Table 2 are indicated by the numbers in black. The very red 2MASS point in 1988 (point 1) is indicative of the presence of a cool envelope. In 2012, during a bright phase, V381 Lac was along the strip of the naked carbon stars (point 2) while one year later, during the optical fading, it was moving again towards the dusty stars region (point 3). In the autumn 2014, when the star was already faint, the colours were again very similar to those of 2MASS (point 4) . The magnitudes of Summer 2015 (points 5 and 6 ) are intermediate between maximum and minimum. Two points corresponding to the theoretical models described below are also indicated.
At longer wavelengths we have checked the colours of V381 Lac in diagrams involving the IRAS, WISE and AKARI magnitudes; some of them are very efficient in discriminating dust enshrouded stars (see fig.8 in Nikutta et Finally, using the archive and our more recent data we have traced the Spectral Energy Distribution for V381 Lac reported in Fig. 6 . In the infrared the AKARI data are well aligned with the WISE and IRAS ones, indicating a smaller variability of the source in the mid-infrared. To avoid confusion we do not plot the June and July 2015 fluxes. These points overlap quite well those of December 2013 when we caught the star during a fading phase. Although in summer 2015 no emission was visible in the spectrum, from the comparison of June and July photometry we argued that a similar evolution was globally occurring. Our guess was confirmed by the data obtained in September. In Fig. 6 we include these last points which correspond to the minimum brightness we have recorded so far. 
THEORETICAL MODELS
Following the pioneering exploration by Ferrarotti & Gail (2006) , various research groups worked on the description of dust formation in the winds of AGBs (Nanni et al. 2013; Ventura et al. 2014) . In a recent paper, Dell'Agli et al. (2015) addressed the evolution of the infrared colours of AGB dusty models. In the present paper we compare the observations of V381 Lac with the predictions of these models, to give a possible theoretical characterization of this star.
The model
The evolution from the pre-main sequence to the end of the AGB phase was calculated by means of the ATON code for stellar evolution (see Ventura & D'Antona 2009 , and references therein). The range of masses investigated is 1M M 8M , assuming a chemical composition in the range 0.008 Z 0.018 (Y = 0.26). The convective instability is treated according to the Full Spectrum of Turbulence (FST) description, developed by Canuto & Mazzitelli (1991) . For carbon stars, we use the mass loss rate by Wachter et al. (2008) . For low mass models (1.25 M/M 3), the Third Dredge Up (TDU) drives the bottom of the envelope to regions previously touched by 3α nucleosynthesis; the consequent increase in the surface carbon content eventually leads to the C-star stage. This paper is focused on a carbon star and for this reason, we have applied only the models with mass below 3M . The wind surrounding AGBs is assumed to be accelerated by radiation pressure on dust particles. The growth of dust grains is described by condensation of gas molecules in the wind impinging on the already formed grains. The relevant equations can be found, e.g., in Ferrarotti & Gail (2006) . For a given AGB evolutionary time, the location (and temperature) of the inner dust region boundary, the density stratification, the relative percentages of the different dust species (i.e., SiC vs. AmC), the optical depth and the dust grain size are calculated self-consistently by our wind AGB models (Ventura et al. 2014 and references therein) and then used as inputs for the DUSTY code (see Dell'Agli et al. 2015).
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Comparison and results
In Fig. 6 , we can clearly distinguish different phases of obscuration that are particularly evident at optical and nearinfrared wavelengths.
Using colors and SED, we identify V381 Lac as the descendant of a star of initial mass ∼ 2M , in the final AGB phase, after the effects of repeated TDU episodes turned it into a carbon star. Models of smaller mass can be ruled out by the present analysis, because they never reach the observed degree of obscuration. The gradual increase in the surface carbon favors a considerable expansion of the external regions (Ventura & Marigo 2009 , 2010 and the consequent decrease in the effective temperature, which drops to ∼ 2500K. These conditions favour the formation of great amount of dust, mainly solid carbon, with smaller percentages of SiC. The SED of the star during the heavily obscured phase is nicely reproduced (model 2 in Fig. 6 ) by our 2M model, in the evolutionary stage when the mass is reduced to 1M . The dust layer is formed close to the star and has a temperature around 1000 K. Dust is composed by ∼80% of solid carbon and ∼20% of silicon carbide, with grain sizes of aC ∼ 0.18µm and aSiC ∼ 0.1µm respectively. The optical depth at 10µm is τ10 ∼ 0.22. The formation of solid carbon increases the emission in the continuum. The presence of a significant percentage of SiC, evident from the feature at ∼ 11.9µm in both models, is confirmed by the slight increase in the flux of the [12] band with respect to the other WISE bands.
To interpret the 2012 observations, when the SED exhibits a smaller degree of obscuration, we assume that the star experienced a phase of smaller mass loss, during which dust formation was suppressed. In this situation the radiation emitted from the central object is reprocessed by the dust layer formed during a previous phase of stronger mass loss, pushed outwards by effects of radiation pressure. In this configuration (model 1 in Fig. 6 ) the temperature of the dusty layer is ∼600K, while the composition and dimension of dust grains are preserved together with the properties of the central object. Also, in this configuration the density decrease determines a lower optical depth, τ10 ∼ 0.08, with a higher emission in the optical. In Table 3 we summarise the main characteristics of the two different phases described by the models. Fig. 4 and 5 show the same models in the 2MASS and WISE color-color diagrams. The reddest colours correspond to the most obscured phase.
DISCUSSION AND CONCLUSIONS
Our observations of V381 Lac confirmed its strong photometric variability and showed a simultaneous coherent behavior from the optical to the near frared. A number of deep minima have been recorded in the last 60 years, most notably in 1989 (POSS II) and in 2006 (SDSS) Although the historic light curve is rather undersampled no clear sign of periodicity in the occurrence of fading episodes can be derived.
The magnitude changes decrease with increasing wavelengths. In the J −HvsH −K diagram the star moves along the strip of the moderately obscured AGB carbon stars, being redder when fainter. This is a common behaviour among stars showing erratic variability, and obscuration events. Feast et al. (1997) and Feast (1997) report an extensive description of different phenomenologies and several examples of the evolution in this diagram. The path followed by the colours of our star is substantially the same in spite of the limited number of our points in J, H, K filters.
The spectral variations of V381 Lac are strongly correlated with the optical flux, showing a behaviour reminiscent of RCB stars. At maximum, continuum and spectral features are those of a typical N carbon giant. During decline, the photospheric absorptions are progressively diluted by the veiling due to repeated scattering of the light crossing the soot clouds that eclipse the photosphere. Na D and [N ii] doublets go in emission, with increasing intensity as stellar luminosity decreases. These lines, formed in the circumstellar envelope, are likely present with constant flux at all times, but are not visible during maxima, overwhelmed by the bright central object. Extensive descriptions and explanations of these phenomena may be found e.g. in Clayton (1996) , Kameswara Rao et al. (2006) and references therein. Notably, during a phase of minimum luminosity, corresponding to the maximum emission of Na D and [N ii] lines, the molecular absorption bands were strong again (see Fig. 3 ). a similar behaviour is reported by Lloyd-Evans (1997) in the framework of the RCB model ' ... as the cloud gradually dissipates the photospheric spectrum returns to normal long before the re-attainment of maximum light' .
In the 2008 spectrum Hα was clearly present in absorption; the spectrum appears veiled but the photometric phase at that time is unknown. In the more recent spectra hydrogen lines have never been observed neither in emission, nor in absorption, while, in similar stars, hydrogen is sometimes observed in emission during dimming. V381 Lac shows a high level of activity, this suggest a high frequency of gas ejection from the central star, which can be responsible for a wide variety of variability between successive events, similarly to what happens e.g. in DY Per, (Alksnis et al. 2002) . The 2008 features still remain an open question: only a frequent monitoring with simultaneous photometric and spectroscopic observations can help in clarifying this difficult scenario.
Based on the fit of our theoretical models with the SED, V 381 Lac is a carbon star with an initial mass ∼ 2M during the last pulses of the AGB phase. The central object with a luminosity around 8×10 3 L/L 10 4 and effective temperature T ef f ∼ 2500K, is loosing the external envelope with a high rate (Ṁ ∼ 1.5 × 10 −4 M /yr) producing a dense carbon-enriched wind. This condition favours the formation of SiC and amorphous carbon in the circumstellar envelope with a grain size of ∼ 0.08µm and ∼ 0.18µm respectively. The dusty layers enshroud the star, obscuring the stellar radiation in the optical bands. Phases of lower mass loss rate are followed by a decrease in the dust production and a consequent increase of the optical emission.
We cannot exclude the possible presence of a companion of V381 Lac, capable to trigger strong mass loss events like in the case of V Hya, where the obscuration phases do not occur with regular timing (Olivier et al. 2001 ). We still do not have enough observing material to settle this issue: again, a long term spectroscopic ( at high resolution ) and photometric monitoring would be necessary to this purpose.
